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SUMMARY

Pressure—distribution measurements and load—coefflclent daba at low
speeds obtained in £light for a conventional front and reexr sllding canopy
are presented. The data were obbtalned wlith the same canopy previouely
tested in the lLangley full-scale tunnel. The Fflight measurements show
.good agreement with the full-scale—tummel results for comparsble con—
ditlons and confirm the principal conclusions of the tunnel tests as to
the effect of camnopy poslition, yaw, power, and 1lift coefficlent on the
preasure distributions. Any changes In load dlstribution which might
be due to distortion of the canopies under load were within the limltis
of the experimental error. The load~coefficlent data iIndicate that the
highegt net aerodynamic load for the front canopy was in the exploding
direction and occurred with the front end rear canoples closed. The
highest net load for the rear canopy was In the crushing direction with
the front canopy open and rear canopy closed.

INTRODUCTION

: An investigation of the aerodynamic loaeds on alrplane canoples
and cockpit enclosures has been conducted at the lLangley Laboratory.

The first phase of thils investigation included low-speed tests in the
Langley full—scale tumnnel on three conventional enclosures represen—
tative of the three categorles, single slidlng canopy, front and rear
aliding cenopy, and bubble—type canopy. - Pressures over the external
and internal surfaces of the canoples were measured under & wlde range
of operating cond.itions, and the dats have been reported in references 1
to 3.

The mecond phase of the investigation Included flight tests of two
of the canoples tested to obtaln a quaelitetive comparlson of flight and
wind—tunnel results, and to determine the severlty of the effects of
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Mach number snd of distortion. Ioads on the bubble-—type canopy at low
speeds and date on the effect of Mach number have been reported in
reference 4. Data on intermal cockplt pressures are reported in refer—
ence 5. In the present peper, pressure distributions asnd load coeffi-
cients for the front and rear sliding camoples of the SB2C-4E airplans
obtalned at low speeds and data on the effect of distortlion are glven.
Data were obtalned under steady—state conditions at 1lift coeffilclents
renging from 0.17 to 1.33, at yaw angles of 0°, —7.5°, and 7.5°, and

at pressure altitudes of 8,000 and 20,000 feet. The Mach number ranged
Prom 0.146 to 0.4k,

SYMBOILS

A cross—aectlional area of canopy normal 4o plane of symmetry
(see fig. 5)

Cy canopy lateral load coefficient (Ly/qA)
Cy canopy vertical lead coefficlent (L,/qA)
‘cy, sirplane 11ft coefficient
D propeller dlameter, feet
hp pressure altitude, feet :

canopy load, pounds
M Mach pumber
P pressure, pounds per ‘square oot
P pregsure coefficlent (?—E;E%)
q free—stream dynamic pressure, pounds per square foot (O.TpoMg)
Q torque, pound—feet
Q; torque coefficlent <}£L§>

2aqD

T thrust, pounds



NACA RM L50BO3 3

Te thrust coefficlent (—l];—e)
2qD
A ‘ Increment due to yaw
¥ yaw angle, degrees
Subscripts:
© external
1 internal
o free stream
L left side of canopy
R right side of canopy
¥ lateral
A vertical
by Front
r rear
APPARATUS

Airplane.— The airplane (fig. 1) used in the tests was a single~
englne, two—place, low—wing scout and dive bomber for use aboard air—
craft carriers, The gross weight of ths airplane during the flight
tests was about 13,000 pounds; the wing area was gbout 422 square
feet, correspording to a wing loading of 30.8 pounds per square foot.
With the exception of the additlon of booms on the right end left wing
tips for airspeed end yew instrumentation, there were no externsal
modlifications to the alrplane. The airplane was powered by an
R-2600—20 Wright engine wilth a military rating at 2600 rpm of 1720
and 1560 brake horsepower at sea level and 8000 feet s respectively,
while at 20,000 feet, 1180 breke horsepower was developed at 2300 rpm.
The englne—propeller gear ratio was 16:9. The propeller had four
blades and a dlsmeter of 12 feet 2 Inches and was a Curtlss electric
constant—speed propeller with blades of design No. C2721200(American).
At military power the propeller operated et the conditlons of thrust
and torque shown in figure 2,
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The front and rear sliding canopies (fig. 3} are each mounted on
four cexrilers that roll on tracks designed to raise the canoples
slightly and et the game time direct them over the statliomary canopy.

When fully opéned, the front and rear canoples are raised Qi-and

l% inches, respectively, above the top of the statlonary canopy. The

front canopy slides to the rear while the rear canopy slldes forward
as shown by figure 3. The front canopy is made up of two plexiglass
panels l/h inch thick and 1s equipped with a quick—release Jettisoning
latch, The rear canopy conglsts of & number of plexiglase panels

1/8 inch thick and, in addition to & built—in emergency hatch, 1s
equipped with a hinged deflector on each side (fig. L), which extends
outward about 50° when the canopy is in the full-open position. With
the rear canopy closed, the deflectors retract flush with the sldes
except for the smell tip or radius on the tralling edge evident in
figure 4(b). The sliding canoples were the same ones used in the full-
scale—tunnel investigation (reference 2). A line drawing of the
cenopies (filg. 5) shows the contours and principal dimensions.

Ingbtrumpntatlon.— Standard NACA instrumentation was used to
meagure airspeed, pressure altitude, normal acceleratlon, angle of yaw,
local statlic pressures, and time. The pltot—statlic tube and yaw head
were mounted on booms located approximately 1 chord ahead of the wilng
leading edge. The yaw—engle recorder was alsc connected to an
indicator in the cockpit for the pilottls use.

For the gurvey of locel statlc pressure over the exterlor of the
front and rear canoples, the stationary canopy, and the turtle deck,
115 flush orifices were lnstalled at the locations shown 1n figure 5.
For internal pressures, an orifice was located in both the front and
rear cockplts. The orifices at stations 7, 9, 10, and 11, which are
directly under the front and rear canoples In the open posltion, were
algo used. '

Prosgsures gt 112 of the 117 survey locatlons were measured by
seven standard NACA two-capsule pressure recorders, utllizing a motor—
driven selector switch., Data were taken durlng stabllized runs of
30 geconds duration, each orifice belng sampled for a 3-second
interval. A contlnuous record was obtalned of the front and rear
cockplt pressures and, as a check on the selector, of three external
orifices. All pressures were cobtained relative to free—stream statlc
presgure as given by the pitot—gtatic tube, and a correctlon was made
for the difference between true and messured free—atream statlc pressure
baged on a flight calibratlon of the alrspeed system. Presgure tublng

of ?5-inch inglde dlameter was used for all connections. The pressure

lines between the orlfices and the instruments located in the bombd bay
were 15 to 20 feet in length. '
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Accuracy.— The preclslon of directly measured and derived
gquantitlies glven in the present paper is belleved to lie within the
following precision estimates:
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The precigion glven for P 1s based on the average uncertalnties 1n
dotermining both p —p, and q. The preclsion given for C, and Cy

1s based on estlmates of possible errors Introduced by falring data, by
the integrating process, and by the uncertalnty in P.

TEST FROCEDURE AND METHODS

Flight Program

The flight program for obtaining data on canopy loads was planned
to dupllcate certaln of the flight and operating conditions for which
tegts were reported in reference 2. Flights were therefore made ab
different alrspeeds corresponding to lift-coefficlent values of 0.17,
0.56, 0.98, and 1.33, representing a high speed, a take—off, and two
intermediate fllght conditions. Since it was not always possible to
obtain the four nominal values of Cj exactly, actual values of 1ift

coefflicient have been used where data ere plotted as & functlon of Cy,.
Tests were made at mllitary power at these four C; values, and with
the propeller idling at a C, of 1.33. Flights were made at a uniform

pressure altitude of 8000 feet, and since the instrumentation required
stabillized conditions durlng any one run, all tests were made 1n steady
gldeslips, In steady level flight, or in steady shellow dives at

about 1 g. All tests, except thoss at Cp = 0.17 were made at yaw
angles of 0°, —7.5° (yaw to left, right wing advanced), and 7.5° (yaw to
right, left wing advanced). Canopy positions investigated at the three
higher values of OCj were as follows: With the rear cenopy open, the
front canopy was closed, 3 inches open, one—half open, and full open;
with the rear cancopy closed, the front canopy was closed and full open.
At Cg, = 0.17, tests were ma.d.e with the rear canopy open, the front

cenopy closed, 3 Inches open, and full open,.
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In order to determine whether under changes 1n load there were
changes in load distrlibutlon which could be ascribed to distortion of
the canopy, three additional runs were made at a reduced value of
dynamic pressure, but otherwise at flow conditions which were as nearly
equlvalent as 1t 1s possible to obtain in flight at 1 g. Thege runs
were made at 20,000 feet at the Mach number of the high-speed, low—
lift—coefficient condlition et 8,000 feet. Data were thus obtalned at
dynemlc pressures of 213 and 132 pounds per square foot, as compared
to the 1imlt value of 415 pounds per square foot corresponding to the
maximm permlgsible diving speed at sea level.

The cockplt ventilator was opened for all runs and the cowl flap
positiong varlied with power. A check of the effect of cowl flap
position on the pressure dilstribution &t Cp = 0.98 showed that any

difference In cenopy load dus to cowl flap position was within the
experimental error.

Evaluation of Canopy Loads

The canopy loads In the present paper are shown Iin two forms:
plots of pressure coefficlent P to show the longitudinsl and laterel
distribution of load; and as load coefflclents which are a nondimensionsal
representation of the integrated alr load, and from which numerical
values of load in pounds can be obtalned. The load coefflclents were
obtalned from values of pressure coefflicient by a process of mechanical
and numericel integration. Plots of pregsure distribution along rows
A, B, C, D, and E (see fig. 5) were integrated mechanically to obtain
longitudinal strip loads. These gtrip loads, 1n turn were Integrated
numerilcally over the horlzontal and lateral proJected areas of the
canoples to obtain the vertical and slde losd components, respectively.
These load components were then nondimensionallzed by dividing by the
cross—sectlonal area of the canopies taken normsl to the plsne of
symmetry, thus glving the vertical and side force coefflcients C,

and Cy.

RESULTS AND DISCUSSION

The experlmental data obtalned in the present tests are shown as
pressure coefficients in figures 6 to 15 and as load coefficlents in
figures 16 and 17. Before discussing the load—coefficlent data, it is
convenlent first to present the externasl-pressure—coefficient data on
the front and rear canopies, then the date on the Internal-pressure
coefficlents for both canopiles.
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Pregsure Distributlon

The experimental-presgure—coefficlent data for the front canopy are
ghown in figures 6 to 10 and for the rear canopy, in figures 11 to 15.
Prossure distributlons for the front and rear cenopies at ¥ = 0° are
given in figures 6 and 11, at ¥ = —7.5° in figures 7 and 12, and
at ¥ = T7.5° 1n figures 8 and 13, respectively, for the different
canopy positions tested. The results for ¥ = 0° are glven st values
of 1ift coefficient approximately equal to 0.17, 0.56, 0.98, and 1.33.
The results for ¥ = —7.5° and 7.5° include data for the three higher
valuss of Cy, only, since flight tests at appreciable yaw angles in
the high—speed flight condition were not considered feasible. Also
shown are data obtained at Cp = 1.33 wlth the propeller 1ldling. For

each 1lift coefficient, the value of thrust coefficlent at mllitary
power is based on figure 2. Data obtained in the check on the magnitude
of distortion effects on the front canopy are shown in figure 9 and on
the rear canopy in figure 1lik. The internsl-pressure coefficlent Py
for the front and resr canopy is plotted in figures 10 and 15,
regpectively, agalinst 1ift coefficlent with cenopy position and yaw as
parameters. The internal-pressure coefficlents for both canoples are
also glven on the extermal-—pressure—distribution plots for the various
canopy posltions, 1ift coefficients, and yaw conditlons Investigated.

The effects of the varlous parameters investigated on the extermal—
and internal-pregsure distributlions for the front and rear canoples are
sumrarized in the followlng discussion.

Front canopy.— With the front canopy closed, and at small values of
thrust coefficient, the pressure distribution (fig. 6(a)) is essentially
uniform from front to rear, but values of P, &t the sldes are some—

what greater in magnitude than those at the top. Opening the canopy
increases the mggnitude of Py over the forward part, but has little

effect on the rearward part. The position of the rear canopy has
negligible effect on the pressure dlstributlion over the front canopy.

Yaw of the alrplene Introduces a component of flow normsl to the
plape of symmetry of the canopy the effects of which are 1llustrated by
a comparison of figures 6(e), 7(d), and 8(d). The magnitude of P, 1is

increased over the top of the canopy and on the retarded side and 1s
decreased on the advanced slde., The effect of yaw 1s of gbout the seme
order of magnitude at both the front and rear of the canopy.

The effects of power on the front—canopy pressure distribution
appear to be a resultant of effects introduced by the additonal
longlitudinal and rotatlonal veloclty components of the slipstream.
Since these veloclty components in general are proportional to Tq
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and Q,, respectively, the effects of power are more marked et slow

speeds and thus in the present level—flight tests, at the higher values
of Cy. As may be seen by a comparison of figures 6(e} and 6(d), which

are for ¥V = 0° and the same 1ift coefficient, the additional velocity
of the slipstream increases the magnitude of Py, a llttle more so at

the sldes than at the top. In addition, the rotation of the slipstreem
Introduces an asymmetry analogous to right yaw; that is, the left side
becomes the advancing slde, and increments due to power are smaller on
the left slde than on the right. As evidenced by the increment on the
glde of the canopy, the rotational effect 1a greater at the front than
at the rear, :

The combined effects of power and yaw are lllustrated in
figures 7{c) and 8(c). Asymmetry is marked in figure 8(c) since the
effects of yaw to the right and slipstream rotatlon are in the same
direction. The asymmetry ls less marked for left yaw (fig. 7(c))
because the two effects are in opposite directloms.

Although the changes of canopy pressure dlstribution assoclated
wlth changes of 1lift coefficlent are not completely defined by the
pregent serles of tests, an estimate of these changes at zero yaw can
be obtained from a comparison of the data shown in figures 6(a) and 6(e),
gince power effects would be small in both cases. On the average, the
increment in P, due to a change in Cy, of 1.16 appears to be greater

than the increment assoclated with a change of T, of 0.41.

Qualltative data on changes in load distribution due to distortion
of the front canopy are shown in figure 9 for three positlons of the
front canopy. From the similarity of the pressure distributions shown
in flgure 9 for the two different losd conditlons, 1t is concluded that
any changes in loading which might be ascribed to distortion of the
front canopy are within the limits of the experlmental error.

Rear canopy.— Because of the generally low level of pressures
meegured over the rear canopy, the scale of the values of external—
pressure coefficlent plotted in figures 11 to 1k has been expanded.

This fact should be borne in mind when comparing the results with fronmt—
canopy plots., The data shown in figures 1l to 13 are for flights at the
samo condltions as the corresponding figures for the front canopy

(figs. 6 to 8). Data for the externsl-pressure coefficlent P, are

shown, however, for only two canopy positlions — front open, rear open
and front open, reer closed. A prelliminary examination revealed that
these two positlons represented the maximum and minimum values of
external load. . -
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The effects of power, yaw, and 1l1ft coefflclent on the rear—canopy
pressure distribution are similer to those on the front canopy, but the
effects of power and Cp, &ppear to be of lesser magnitude. The posltlon

of the front canopy had & negligible effect on the pressure distribution
over the réar canopy. The deflectors which extend into the slipatream
when the rear canopy 1s open have a marked local effect on the canopy
pressure distribution, as may be noted in figure 11. The blocking
action of the extended deflectors 1s evident at stations 16 and 19 shead
of the deflector, while Immedliately behind the deflectors high values of
negative pressure coefficlent are observed.

 From the gimilarity of the pressure dlstributions shown In
figure 1lh for the two different load conditioms, 1t is concluded that
any changes 1ln loading whilch might be ascribed to distortion of the rear
cancopy are wlthin the limits of the experimental error.

Internal pressure.— In general, the Intermal canopy pressures
(figs. 10 and 15) were found to depend on the pressure field over the
glrplane and the arsa and location of any openings between the interior
and exterior. With both canoples closed, the values of Pj; 1in both

cockpits Indicate a pressure slightly less thsn free stream. Since there
1s no effective partitlion between the two cockpits, Intermal pressure on
the front and rear canoples ls essentlally the same. Opening the front
canopy with the rear closed reduced the rear intermal pressure more than
opening the rear canopy with the front canopy closed reduced the front
internal pressure. This result ls In accord wlth the obgerved magnitudes
of the extermal pressures over the two canoples. Similarly, with either
canopy partly or fully open the effects of yaw and power on Py ehow a

cloge correlation with thelr effects on P..

Comparison wilth wind—tunnel tests.— The flight date 1llustrated in
figures 6 to 15 for an sltitude of 8000 feet do mot cover the full range
of flight condltlons simplsted in the full—scale—tunnel tests especially
with respect to thrust and torque coefficients. Comparison of figures 6
to 15 with the figures of reference 2 shows good qualitative agreement,
however, and confirms the principal concluslons of reference 2 as to the
effects of canopy position, yaw, power, and 11ft coefflcient on the
external— and Internal—pressure dlstributions for the front and rear
canopies. .

Load Coefficient

Datea on the Integrated alr losds expressed in coefflclent form are
glven for the front canopy in figure 16 and for the rear cenopy in
figure 17. These load coefflcients express quantitatively the effects
of Cr, power, canopy position, and yaw discussed under the section
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entitled "Pressure Distribution." The data shown are applicable to the
pregent alrplane operating with propeller 1dling or at military power
in level flight at an altitude of 8000 feet. Numerically different
regults would be obtained st other altitudes or power settings or at
other load factors, since the thrust-torgue—-lift relationships shown in
figure 2 would not apply. For convenlence, the load—coefficlent data
have been plotted againet - Cp, since the effects of slipstream longi—

tudinal and rotational veloclty components could not be completely
separated 1n the present abbrevliated flight program. Since, however,
eny Increment in load coefficient due to power would be practically
negligible at Cr, = 0.17, an esgtimate of the relative magnitude of

power effects as compared to lift—oefficlent effect can be obtalned by
comparing the data at Cyp = 0.17 with the propeller idling and the

military-power data (T¢ = 0.43) at Cy = 1.33.

The vertical load coefficilents Cze and Czi for the front and

rear canopies are presented in figures 16(a}, 16(e), 17(a), and 17(e).
The lateral load coefficlents on the right and left sldes of the canopy
: CFeR and CYeL are glven in figures 16(b), 16(c), 17(b), and 17(c).
The net lateral load coefficilents Cy squael to the difference CYeITCYBR’
are shown in figures 16(d) arnd 17(d). Positive values of Cy 1indicate

a net force to the left. The intermal lateral load coefficlent C

which differs from CZi
auxiliary ordinaste of flgures 16(e)} and 17(e).

Ji
only by a numerical factor is shown on the

External and imtermnal load coefficlents are glven rather than net
load coefficlents 1n order that the results may be extended to other
gimilaxr configurations for which the internal pressures msy be markedly
different. The effects of the varlious parameters investigated omn the
internal cockplt pressure dlscussed for the present case under the
section entitled "Pressure Distributlion”, apply also to the internsl

load coefficlents CZi angd Cyi. The intermal load coefficlents are

presented, therefore, In order to determine readlly whether the net
vertical load coefficient, (Cz = Czy — Czy) or the net lateral load

coefficient on elther the left or right slde of the canopy 1s, for the
present case, 1n an exploding or ln a crushing dlrection.

Front canopy.— The load—coefflclent date presented for the front
canopy at zero yaw indicate that Cgz, CyéR, and CyeL (figs. 16(a)

to 16(c)) increase with both Cyp and power; whereas the change of Cy
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(fig. 16(d)) with power was more marked then the change with CI;. For

the six different canopy poslilions investigated the upper limiits of the
external load coefficlents presented for various values of C occur

for the front canopy 3 Inches and one-half open; the lower limits occur
for the front canopy open and closed. Iines have been failred through
the data for those limiting conditions. The effect of rear—canopy
pogition on the front—canopy external load coefficients was negligible.

The incremental value of the extermal vertlical and lateral load
coefficients shown in figure 16 for Cr, = 1.33 at idling power indicate

that the effect of yaw of T7.5° on the front-canopy load coefficients, in
general, wag small, The combined effect of power and yaw, however, was
marked. Yaw to the right generally produced higher values of Cze than

d1d4 ya{r to the left, and the 1ncrement due to yaw was nearly Independent
of 1ift coefficlient, The lateral load coefficlents on the advancing slde
wore decreased in general by epproximstely the same amount as the Increase
on the retarded side; MYeR with right yaw was, however, generally

lerger than wes Acy with left yaw, as shown by the results for the
eL.

lateral—load—coefficlent Iincrement ACy. Although the Incremental load

coefflcients due to yaw show variatlons wlth canopy posltlion, a detailed
analysls l1s not consldered warrasnted. The curves shown have been felred
through the average values.

Examination of the load—coefficlent data presented for the front
canopy shows that the highest net loads for the present case occurred in
the high—speed flight conditlon with the front and rear canoples closed
and were in the exploding dlrectlon.

Rear canopy.— The load—coefficient data presented for the two rear
canopy positions Indicates that the extermal load coefficlents Cze s

CYeR’ and cy (figs. 17(a) to 17(c)) are not only smaller than the
oL,

front—canopy coefficient but also show a comparatively smaller variatlion
wlth CL and power.

For the rear—canopy open posltlon, values of Cze, s, and CyeL

CyeB
were higher at the idling power thsn at military power at Cr, = 1.33.
For the rear canopy closed, power Increased the external load coef—
filcients as in the case of the front canopy. For both canopy positions,
the change in Cy with power was more marked than the change with Cy,.

At military power, the extermal load coefficlents were essentially the
seme for both rear—canopy positions.
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The effects of yaw of 7.5° on the extermal load coefficlents for
the rear canopy, shown by the incremental values 1n filgure 17 for
Cr, = 1.33 at 1dling power, are small for the rear-—canopy—closed
posltion. For the rear canopy open, the effects of yaw on the vertical

load coefficient CZe and the lateral losd coefficlents CyeR and

CyeL were alsoc small for the retarded silde but the lateral load coef—

ficlents for the advancing slde were markedly reduced.

The combined effect of yaw and power on the external load coef—
ficlent for the rear canopy was essentlally the same as were noted for
the front canopy. The valus of Ay (fig. 17(e)) for the rear—canopy—

L

cloged position, however, increased wlth right yaw, a result which is
contrary to the general trend of left—lateral load—coefficlent data,

but which 1s conslgtent wilth the effects of power and yaw on the
pressure dlstribution over the rear canopy as shown 1in flgures 12 and 13.

The rear—ceanopy load—coefficlent data for the present case Indicate
that the critical net load for the rear canopy occurred for the high—
gpeed flight condition with the front canopy open and the rear cenopy
closed and was 1n the crushing direction. Local crushing loads on the
left silde of the canopy produced by the combined effect of the slip—
gtream rotational velocity at military power and the asymmetric air flow
due to yaw were higher than the average net canopy loads.

CONCLUSIORS

Results from a flight Investigatlon conducted to obtaln serodynamic
loading and pressure—distrlbution data on the conventlonal front and
rear sliding cenoples showed that for the range of condltlons investi-
gated.:

1. The highest net loads for the front canopy were in the exploding
direction and occurred with the front and rear canopies closed.

2. The highest net loads for the rear canopy were Iin the crushing
direction and occurred with front canopy open and rear canopy closed.

3. The combined effect of the slipstream rotatlonal veloclity at
military power and the asymmetrlcal alr flow due to yaw produced net
local exploding and crushing loads on both canoples that were higher
than the average net canopy loads. ) ’
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4, Chenges in loading due to dilstortlon of the Ffront and rear
canoples under load were wlthin the limits of the experimental error
for values of dynamlc pressure up to approximately 50 percent of the

value corresponding to the mexlmmm permisgsible diving speed at sea
level- B

5. The flight dsta confirm the principal canclusions of the full—
gcale—tunnel tests as to the effect of canopy posltlon, yaw, power, and
1ift coefficlent on the pressure distribution over the front and rear
canopies.

Langley Aeronsutlical Laboratory
Natlional Advigory Committee for Aeronautlics
Langley Alr Force Base, Va.
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Figure 1.~ The SB2C-L4E airplane.
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Figure 2.- Required thrust and torque coefficierts for level flight at

various altitudes.
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Figure 3.- The front and rear canoples in the open and closed positions.
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(b) Canopy and deflector closed.
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Figure b.- The rear canopy in the open and closed positions, showlng the
two positions of the deflectors.
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(a) Externsl vertical load coefficient.

Figure 16.- Variation of front canopy load coefficient with 1ift coeffi-
cient and yaw angle for various canopy positlons and power settings.
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(b) External right lateral load coefficient.
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Figure 17.- Variastlon of rear-canopy load coefficient with 1ift coeffi-
clent and yaw angle for various canopy positlions and power settings.
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Pigure 17.~ Continued.
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(c) External left lateral load coefficient.

Figure 17.- Continued.
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(e) Internal vertical and lateral load coefficient.

Figure 17.- Concluded.
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